Many wild bee species are in global decline, yet much is still unknown about their diversity and contemporary distributions. National parks and forests offer unique areas of refuge important for the conservation of rare and declining species populations. Here we present the results of the first biodiversity survey of the bee fauna in the White Mountain National Forest (WMNF). More than a thousand specimens were collected from pan and sweep samples representing 137 species. Three species were recorded for the first time in New England and an additional seven species were documented for the first time in the state of New Hampshire. Four introduced species were also observed in the specimens collected. A checklist of the species found in the WMNF, as well as those found previously in Strafford County, NH, is included with new state records and introduced species noted as well as a map of collecting locations. Of particular interest was the relatively high abundance of Bombus terricola Kirby 1837 found in many of the higher elevation collection sites and the single specimen documented of Bombus fervidus (Fabricius 1798). Both of these bumble bee species are known to have declining populations in the northeast and are categorized as vulnerable on the International Union for Conservation of Nature's Red List.
Bees are fundamental to a sustainable environment as they pollinate 90% of the world's flowering plants, which are essential to most functioning terrestrial ecosystems (Ollerton et al. 2011) . Despite their significance as pollinators, research shows that bee populations are declining globally (Bartomeus et al. 2013 , Burkle et al. 2013 , Garibaldi et al. 2013 , Potts et al. 2010 , Kerr et al. 2015 . Historically there were about 3,600 bee species recorded in the United States Pickering 2016, Wilson and Carril 2016) across 111 genera (Droege et al. 2016 ). These species span six different families, although the family Melittidae, comprised of 33 species in the United States with only 8 in the northeast, is rarely collected (Wilson and Carril 2016) .
Of particular concern in the Northeast is the severe decline of several historically widespread bumble bee species, Bombus affinis Cresson 1863, Bombus fervidus (Fabricius 1798), Bombus pensylvanicus (DeGeer 1773), and Bombus terricola Kirby 1837 (Colla and Packer 2008 , Grixti et al. 2008 , Cameron et al. 2011 , Colla et al. 2012 , Bartomeus et al. 2013 ). These four species were listed as Species of Greatest Conservation Need (SGCN) in 2015 as part of the New Hampshire Fish and Wildlife Service Wildlife Action Plan (Normandeau 2015) . With population ranges reduced by 87% (Cameron et al. 2011) , B. affinis, is also listed as Critically Endangered by the International Union for Conservation of Nature (IUCN, Hatfield et al. 2015a ). Populations of B. fervidus have shown significant declines in Guelph, Canada (Colla and Packer 2008) , Vermont (McFarland et al. 2015 , Normandeau 2015 , New York (Giles and Ascher 2006, Normandeau 2015) , while B. pensylvanicus has lost 23% of its historical range and is absent in much of its former northern and eastern territory (Cameron et al. 2011) . Both species are listed as a vulnerable on the IUCN Red List (Hatfield et al. 2015b ). Populations of B. terricola have suffered severe declines with historical range reductions as high as 31% (Cameron et al. 2011) and are listed for conservation priority by the Xerces Society for Invertebrate Conservation (Evans et al. 2008, xerces.org) and also as vulnerable by the IUCN (Hatfield et al. 2015c) .
New England has the potential to support some of the highest levels of wild bee biodiversity in the Northeast with many protected areas and unique ecological niches (Chandler and Peck 1992 , Goldstein and Ascher 2016 , Koh et al. 2016 . As recent studies in Massachusetts (Goldstein and Ascher 2016) , Connecticut (Wagner et al. 2014) , Maine (Bushmann and Drummond 2015) , and New Hampshire (Tucker and Rehan 2016) have begun to document New England's wild bee biodiversity, many new state records, exotic introductions and species extirpations continue to be discovered in this relatively diverse and agriculturally important area. These prospective changes in New England biodiversity, along with the general global decline, emphasize the need for further surveys to monitor shifts in the wild bee community.
National parks and forests provide patches of protected habitat that can act as refuge to species in less than ideal environs sometimes leading to pockets of organisms rarely found elsewhere (Brown 1971 , Dean 2000 , Gillespie and Roderick 2002 , Richards et al. 2011 .The White Mountain National Forest (WMNF) contains 750,852 acres of protected land spanning three New Hampshire counties and over 100 miles of Appalachian Trail (USFS 2012) (Fig.  1) . It is the largest alpine area in the eastern United States with its highest elevation at the peak of Mount Washington, which reaches 1,917 meters and classifies as tundra climate (Reiners and Lang 1979 , Levesque and Burger 1982 , Kimball and Weihrauch 2000 , AMC 2016 ). The National Forest was first established in 1918, but has had few insect biodiversity assessments (McFarland 2003 , Levesque and Burger 1982 , McCall and Primack 1992 , Chandler 1991 with little known about the wild bee fauna.
Here we document the first faunistic survey of wild bees in the WMNF. The objectives of this study were to, 1) provide a contemporary survey and species checklist of the wild bees currently inhabiting WMNF, 2) document any new or introduced species not historically recorded for the area, and 3) record any Bombus species found that are listed as SGCN by the NH Fish and Wildlife Action plan.
Methods

Location and Collection
Wild bee collection was conducted at 16 sites in northern New Hampshire over an approximate 331,520-acre area in the WMNF (geographic coordinates in Table 1 ; map Fig. 1 ). This sampling area covered a broad spectrum of elevations ranging from a low of 118 m to a high of 1,160m on Mount Washington (Table 1) . Sampling was conducted over a 2-day period on 26 and 27 June 2015 and comprised an estimated 60 concerted man-hours. Bees were sampled using standard pan traps and sweep nets. About 300 pan traps (New Horizons Support Services, Inc., Upper Marlboro, MD; 3.5 oz.) of alternating color (yellow, blue, and white) were filled soapy water and set out for $8 h. The pan trap contents were poured through a sieve upon retrieval. Sweep netting was performed using collapsible aerial nets (Bioquip 7112CP; 30.5 cm in diameter, 12.7 cm aluminum handles) and sampled all possible flower blooms at collecting locations. Both pan trap and sweep netted specimens were labeled with collection information and placed in vials of 70% ethanol. Elevations of individual collection sites were estimated using the recorded GPS coordinates and freemaptool.com/elevation-finder.
Curation and Preservation
Ethanol preserved specimens were washed under running tap water for 1 min, dried with a traveling bee dryer (a section of PVC pipe covered with a fine screen that a hair dryer blows through; modified from devices in Droege 2015), pinned and labeled with locality information. All specimens were identified to species, or species-group where appropriate, using standard taxonomic literature (Mitchell 1960; 1962 , Michener et al. 1994 , Gibbs 2011 , Williams et al. 2014 ) and the identification guides available on DiscoverLife.org. To determine species previously documented in the state of New Hampshire specimens were compared to distribution records on DiscoverLife.org and records compiled from Bartomeus et al. (2013) and Tucker and Rehan (2016) . Exotic species introductions were identified using the Very Handy Manual (Droege 2015) . Voucher specimens are deposited in the University of New Hampshire Insect Collection (Durham, NH), USGS Native Bee Inventory and Monitoring Lab collection (Beltsville, MD), and the National Museum of Natural History (Washington, DC).
Results
Diversity and Abundance
A total of 1,010 bee specimens were collected from pan trap and sweep net sampling (Table 2) . Of the specimens collected, 137 species were identified, in 18 genera, representing five bee families. Halictidae was by far the most abundant family represented with 472 specimens collected compared with 231 Apidae and 212 Andrenidae. It was also the most diverse with 52 species followed by 33 Andrenidae, 23 Apidae, 21 Megachilidae, and 6 Colletidae species. The most abundant genera were Lasioglossum (301 specimens), Andrena (202 specimens) and Bombus (182 specimens). Lasioglossum was also the most diverse genera with 37 species and Andrena close behind with 31 species. Although Halictidae was both the most abundant and diverse family, the two most abundant species found were Andrena wilkella (Kirby 1802) (Andrenidae, 81 specimens) and B. terricola (Apidae, 73 specimens). Both the highest abundance and diversity of bees in the WMNF were found at an elevation of 434m near Berlin, NH (Table 1) . We also found 73 species (Fig. 2, Table 2 ) in the WMNF that were not found at lower elevations (26 m) the previous year (2014) in Strafford County, New Hampshire, during a comprehensive bee biodiversity survey (Tucker and Rehan 2016) . Table 2 ). Four introduced species (indicated by an asterisk in Table 2 ) were found in the WMNF (A. wilkella, Anthidium manicatum, (L.) 1758; Anthidium oblongatum, Illiger 1806; Lasioglossum leucozonium, Schrank 1781). All of these species have previously been recorded in the state of New Hampshire and, except for L. leucozonium, are relatively common species well established throughout the Northeast (Droege 2015) .
New Records and Introduced Species
The composition of the bee species recorded in the WMNF was also different than what has previously been recorded in other parts of New England. Of the 137 species recorded in the WMNF survey, 72 species were unique to the higher elevation area, while 54 of the 118 species previously documented in Stafford County (elevation 26 m; Tucker and Rehan 2016) were not found in WMNF and only 64 species were found in both areas (Fig. 2 , Table 2 ).
Species of Concern
We found a relatively large population (73 specimens) of the New Hampshire species of concern B. terricola in the WMNF. Sampled sites near Bretton Woods, elevation 967 m, had the highest number of specimens recorded (20) with survey locations near Conway (elev. 184 m, 17 specimens) and Berlin (elev. 434 m) also containing many (12) specimens of B. terricola. One specimen of B. fervidus was discovered in Hanover (elev. 118 m). We did not find any specimens of the other two species of concern: B. affinis or B. pensylvanicus.
Discussion
Abundance and Diversity
In the intensive 60 man-hour collecting period we found 137 wild bee species in the WMNF, which is a remarkable amount of diversity compared with much longer studies. In a 1-year period 124 bee species were found in St. Catharines, Ontario (Richards et al. 2011) and 118 in Strafford County, New Hampshire (Tucker and Rehan 2016) . Over a 2-year period only 54 species were found in Illinois (Burkle et al. 2013 ) and 64 species in Pennsylvania (Russo et al. 2013) , with higher diversity found in Connecticut with 163 species (Wagner et al. 2016 ) and Massachusetts with 182 species (Goldstein and Ascher 2016) . In three years, 133 bee species were recorded in Maine (Bushmann and Drummond 2015) , yet only 54 species were documented during a 4-year survey and 104 species in a 6-year survey in New York (Matteson et al. 2008 , Russo et al. 2015 with an even longer 10-year study in Ontario only finding 150 species (Onuferko et al. 2015) .
Despite these concerted collecting efforts and variable duration of these studies, many species that are known to be in the area are still missed as historical state records estimate 400 species in Ontario (MacKay and Knerer 1979, Grixti and Packer 2006, Sheffield et al. .
Obtaining accurate documentation of a region's diverse bee fauna is not an easy task (Russo et al. 2015) . Documentation of bee community diversity is exasperated by its inclusion of many rare and few abundant species that often exhibit significant annual variation and cryptic morphologies (Olesen and Jordano 2002 , Wilson et al. 2008 , Grundel et al. 2011 , Russo et al. 2011 ). Both short term intensive surveys spanning many locations as well as long term studies conducted in the same location are required for representative species monitoring and documentation.
Where we found A. wilkella (an introduced species) and B. terricola (a species of concern) to be the dominant presence (Fig. 2, Table  2 ), other studies have found Bombus impatiens (Cresson 1863) to be dominant (Matteson et al. 2008 , Russo et al. 2011 , Tucker and Rehan 2016 as well as Augochlorella aurata (Smith 1853) (Wagner et al. 2014, Goldstein and and Lasioglossum cressonii (Robertson 1890) (Bushmann and Drummond 2015) . The high abundance of A. wilkella found in the WMNF is, however, concordant with recent bee surveys, which also found this species to be widely distributed and abundant in Massachusetts (Goldstein and Ascher 2016) . For a complete species list of the WMNF or New Hampshire in general, long-term surveys are needed as highlighted by the difference in species composition (Fig. 2) found in this study compared with that of Tucker and Rehan (2016) . Although some differences in species composition may be attributed to different habitat or elevations between collection sites, much is likely due to the short-term nature of both studies (2 days and 1 year; Minckley et al. 1999; Grixti and Packer 2006) as many species found in just one of the two habitats are only represented by a few specimens (Table 2) .
New Records and Introduced Species
Other species of note that were collected in the WMNF were three singleton specimens: one andrenid and two halictids. A. nigra is primarily a western species with few records east of the Rocky Mountains (DiscoverLife.org). L. hemimelas typically ranges throughout the Midwest, while the specimen of L. seillean represents the southern most record of this northern species that is reported to be restricted to high altitudes . L. seillean has been recorded as far south as Michigan, but is typically found from the Northwest Territories to Newfoundland and south to New Brunswick (DiscoverLife.org, Gibbs et al. 2013) . It is possible that these specimens may predict future range expansions for these species; however, more data would certainly be needed to support this conjecture. The other seven species representing new state records were somewhat expected as they have previously been found in the northern New England region, but not previously documented in New Hampshire.
Species of Concern
There was a relatively high abundance of B. terricola (40% of collected Bombus) found in the WMNF. A low abundance of this species (1% of collected Bombus records) was recently found in Maine (Bushmann and Drummond 2015) , but this species is not reported in any of the other bee faunal studies in New England (Wagner et al. 2014, Goldstein and Ascher 2016, Tucker and Rehan 2016) . This high abundance of B. terricola does however corroborate some findings suggesting populations may still be enduring, but relegated to areas of higher elevation (Colla et al. 2012 , Hatfield et al. 2015c ).
The seeming relegation of B. terricola populations to higher elevation refugial habitats may lead to evolutionary consequences detrimental to the species long-term persistence (Cameron et al. 2011) . Bees tend to be particularly vulnerable to genetic threats, reducing community fitness and species potential viability, especially in small population sizes (Zayed 2009 ). If populations of B. terricola become isolated in these high elevation refugia, reduced gene flow between populations could contribute to further species decline (Cameron et al. 2011) . A single specimen of B. fervidus was collected during this survey. Only a single specimen of this species was found in the recent Massachusetts survey (Goldstein and Ascher 2016) , with two specimens (0.2% of total Bombus) found in Maine in 2010 (Bushmann and Drummond 2015) . An additional 14 specimens were found in Connecticut between 2005 and 2006, but this still only made up 4% of all the Bombus collected during that study (Wagner et al. 2014 ). We did not find any specimens of the two other bumble bee species of concern, B. affinis and B. pensylvanicus. What was historically a common species throughout eastern North America (Millrion 1971, Hatfield et al 2015a), B. affinis, is now believed to be on the brink of extinction and is closely related to B. terricola (Cameron et al. 2007 ). Based on data from the University of New Hampshire Insect Collection (UNHC) the last time B. affinis was documented in New Hampshire was 1993 when one specimen was discovered in Durham. There was however a single specimen sighted in Maine and one in Connecticut in 2015 (BumbleBeeWatch.org). It is even longer since B. pensylvanicus has been recorded in New Hampshire, although it was seldom documented historically in the state, with only six records (out of 1,246 total Bombus records, >0.1%) between 1899 and 1965 (UNHC). The last record of B. pensylvanicus in the state of New Hampshire was in Durham in 1965 (UNHC) and since then appears to be locally extirpated.
Conclusions
Protected areas such as national parks and forests can provide safe havens for vulnerable and endangered species of concern. This survey found the WMNF to be an excellent example of a terrestrial refuge for wild bees with its broad diversity of species being more speciose than other areas in the Northeast including relatively nearby habitats in the same state. Despite our thorough sampling of the WMNF, it is likely there are many more species residing and taking refuge in the WMNF as most ecosystems have a high species composition turnover and we sampled during a single two-day collection period. In addition to the high species diversity, the WMNF also appears to be a sanctuary for a considerable abundance of B. terricola, a species of particular concern in North America. The presence of B. terricola, as well as B. fervidus and numerous new state records including several species far outside their historical geographic range, underscores the importance of protected land areas in invertebrate conservation and the need for further bee biodiversity studies throughout New England.
